Abstract. Circulant graphs are an important class of topological structures of interconnection networks which have been used for decades in the design of computer and telecommunication networks due to their optimal fault tolerance and routing capabilities. In this paper, we consider the problem of embedding the circulant networks into gear and helm graphs to minimize the wirelength.
telecommunication networks due to their optimal fault tolerance and routing capabilities. They also constitute the basis for designing certain data alignment networks for complex memory systems. Undirected circulant networks arise in the context of Mesh Connected Computer suited for parallel processing of data, such as the well-known ILLIAC type computers. By using circulant graph, we can adapt the performance of the network to the user needs.
The quality of an embedding can be measured by certain cost criteria, namely dilation, expansion, congestion and wirelength. The dilation of an embedding is the maximum distance between the images of adjacent nodes. It is the measure for the communication time needed when simulating one network on another. The bandwidth is the dilation if the host graph is a path. The expansion of an embedding f is the ratio of the number of vertices of H to the number of vertices of G. The congestion of an embedding f of G into H is the maximum number of edges of the graph G that are embedded on any single edge of H and the wirelength is nothing but the congestion sum. The problem of embedding is NP-complete [6] .
There are several results on the congestion problem of various architectures such as complete trees in hypercubes [1] , hypercubes into grids [2] , ladders and caterpillars into hypercubes [3] , binary trees into hypercubes [4] , complete binary trees into grids and extended grids with total vertex congestion 1 [12] , incomplete hypercube in books [5] , msequencialk-ary trees into hypercubes [15] , ternary tree into hypercube [7] , enhanced and augmented hypercube into complete binary tree [9] , embeddings of circulant networks [14] and hypercubes into cylinders, snakes and caterpillars [10] .
In this paper, we consider the problem of embedding the circulant networks into gear and helm graphs to minimize the wirelength.
Basic concepts
In this section, we discuss the preliminaries required for this paper.
Definition 2.1. [2] Let G and H be finite graphs with n vertices. V (G) and V (H) denote the vertex sets of G and H respectively. E (G) and E (H) denote the edge sets of G and H respectively. An embedding f of G into H is defined as follows:
is a path in H between f (u) and f (v)}. The graph G that is being embedded is called a virtual graph or a guest graph and H is called a host graph. Some authors use the name labeling instead of embedding.
Definition 2.2. [2]
The edge congestion of an embedding f of G into H is the maximum number of edges of the graph G that are embedded on any single edge of H. Let EC f (G, H(e)) denote the number of edges (u, v) of G such that e is in the path P f (u, v) between f (u) and f (v) in H. In other words, EC f (G, H(e)) = ห൛ሺ‫,ݑ‬ ‫ݒ‬ሻ ∈ ‫ܧ‬ሺ‫ܩ‬ሻ: ݁ ∈ ܲ ሺ‫,ݑ‬ ‫ݒ‬ሻൟห where P f (u, v) denotes the path between f (u) and f (v) in H with respect to f.
The edge congestion problem of a graph G into H is to find an embedding of G into H that induces EC(G, H). 
Proof of correctness of Algorithm A
Let S i ={(2i−2,2i−1), (2i+ 1,2i+ 2), (2n,2i)}, 1≤i≤n where the labels are taken mod (2n) except the label of the hub vertex be the edge cuts of the given graph. The edge sets namely {(2i−2,2i−1),(2i+ 1,2i+ 2), (2n,2i)}, 1≤i≤n constitutes all the edges of G 2n+1 . Thus Figure 3 (a). For each i, E(G 2n+1 \S i ) has two components H i1 and H i2 . Without loss of generality, let
induces an edge of G which by Theorem 3.2 is an optimal set. Thus each S i satisfies conditions (i), (ii) and (iii) of the Congestion Lemma. Therefore, EC f (S i ) is minimum. The Partition Lemma implies that the wirelength is minimum.
The proof of the following theorem is an easy consequence of Embedding Algorithm A. 
Conclusion
In this paper, we have produced the exact wirelength of circulant network on certain wheel related graphs namely, gear and helm graphs.
